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. .  
3) Dynamically s i m i l a r  models a r e  u s e d ,  e s p e c i a l l y  

f o r  t e s t s  i n  waves,  i n  o rde r  t o  g i v e  a. t r u e  r e p r o d u c t i o n  
o f  t h e  rnotion o f  t h e  ful_l , , , s ize  i n  p i t c i i i ng .  . T h e i r  model 
weight  i s  Qfh3 and thEtir mass moment 6 f  i n e r t i a  *T/h5 ; 
vliere 0 = weight  and T = mass moment of  i n e r t i a  of t h e  
f u l l  s c a l e ,  and h = model s c a l e ,  

F i g u r e  2 shows t h e  t e s t  arrangement  A. , The wgight- 
s i i n i l a r  model i s  ba l anced  about t h e  c..;, or" t h e  whole a i r -  
c r a f t  and suspended a t  t h e  c.g.  by me'ans o f L  a f o r k .  T h e  
wins  l i f t  i s  produced by a. n e i g h t  suspende ,over s h a v e  
R .  The model i s" ' towed i n  t'he p y o p e l l e r  t h  s t  ' l i n e  'by a 
w i r e  b r i d l e ,  w h i c h ' f e a d s  f o r n a r d  t o  , t h e  r e  'st,ahce dyna- 
m o m t e r  and a f t  t o  a', s-roall tensi .on w.eig::;t. . Two g u i d e s '  
f o r n a r d  and a f t  of t 'he model h'old i t .  i n  t h e  d i r e c t i d n  o f  



N . 4 . C . A .  Techn ica l  Mernora~dun .So.. .661 3 

very. d e s i r a b l  

ruiln i n g  . 
An a d d i t i o n a l  advan tage  o f  t h i s  method o f  t e s t i n g  

would be t h a t  t h e  whole o f  t h e  r e s i s t a n c e  cu rve  r e f e r r e d  
t o  above, t o g e t h e r  w i t h  t h e  a c c e l e r a t i n g  f o r c e s , . w o u l d  'be 
o b t a i n e d  i n  one run. ' ,  

2 )  - T h e  t e s t i n g  o f  a float i n  a seeway, bo.t;'d{%t con- 
s t a n t  speed  a n d  w h i l e  be ing  a c c e l e r a t e d . .  Thls  p e s e n t s  

. t h e  same r e q u i r e m e n t s ,  

. The f i r s t  problem c a n " b e  s t u d i e d  t n .  t h e  c i ? c u l a r ,  t a n k  
o f  t h e  J u n k e r s  Conpany. The made1 i s  toned. i n  a ' c i r c u l a r  
c h a n n e l ,  suspended and  gu ided  by a h inged  a r m  whose v e r t i -  
c a 1 . a x i s  l i e s  a t  % t h e  c e n t e r  of .the. 'cliannel. ' I f  t h e  sus- 
p e n s i o n  p o i n t  on t h e  axis. l i e s  above t l ie  attachuleii t  p o i x t  
on t h e  model, t h e n  t h e  v e r t i c a l  component o f  t h e  c e n t r i p -  
e t a l  f o r c e ,  which i n c r e a s e s  as t h e  s q u a r e  of t h e  r.p.m., 
i s  a p p l i e d  t o  t h e  model. By changing t h e  h e i g h t  of t h e  
sxtspension p o i n t  on t h e  axis  any wing l i f t  can  b e ' o b t a i n e d .  

, The a p p a r a t u s  o f  t h e  H.S.V.B. f o r  towing dynamica l ly  
s i m i l a r  models i n  a s t r a i g h t  t o w i  t a n k  c o n s i s t s  o f  a 
combinat ion o f  t h e  r e s i s t a n c e  body developed a t  %'ne t a n k  
f o r  u s e  on t r i a l  t r i p s  w i t h  t h e  f l o a t  t e s t  a p p a r a t u s .  
S i n c e  t h e  r e s i s t a n c e  body has a water  r e s i s t a n c e  i n c r e a s -  

. i n g  e x a c t l y  as th'e s 'quare of '%&e speed ,  i t  i s . o n l g ' n e c c s -  
s a r y  t o  connec t  t h e  pull o f  t h e  r e s i s t a n c e  'oady t o  t h e  ' 



I . .  . .  ,. , , .. . s . '  . . t  . 
, .Fu.l.l- i n f o m a t i o n .  on t h e  node l  i s  g iven  o n l y  by t e s t s  

a t  d i f f e r e n t  c o n s t a n t  t r i m  a n g l e s ,  s i n c e  t h e  r e s i s t a n c e  
i s  dependent  on t h e  t r i m  ang le  and  a f u r t h e r  impor t an t  r e -  
$ $ s t a n c e  e f i e c t  ' a p p e a r s  which i s  dependent  on t h e  t r f m  an- 
g l e  and i s  2,r-ooduced by t h e  water'. f l o w i n g  under  t h e . s t , e p  ' . 
atnd w e t t i n g  t h e .  a f t e r b o d y ,  % .  

* .  # .  
- 4  . . . : 

. By moving a s l . idi& we igh t .  ( f i g .  2) t h e  necessary m o i  
m o n t : i s . a p p l i e d  t o  ti?e,mode2 during t h e  r u n  t o ' m a i n t a i n  
t h e .  d e s i r e d  angle .  o f .  t r i m .  

t i s  the-  t&s& o f  t h e  r p l  a n e  de s i g n e r  ' t o  c o n s t r u c t  
o a t  o r  b o a t  s o  t h a t  as f a r  as p o s s i b l e  i t  w i l l  g i v e  

thc m o s t  f a v o r a b l e  a n g l e  o f  ' n t t a c k  f o r  the wings o f  t h e  
a i r p t a i l e  and.  s o  tha t  t h e  c o n t r o l  s u r f z c e s  . can  a p p l y  t h e  
proger  moments, i n  o r d e r  that  t h e  get-away say t a k e  p l a c e  
at t h e  most  . f a v o r a b l e  a n g l e  o f  a t t a c k  f o r  t h e  paskicula!r  

I .  
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. .  
he  c o r q a r i s o n  

3.o.ttom form N o .  9 ; f o r - i  
maximum r e s i s t a n c e ;  t r a v e l i n g  i n  smooth w a  e 

mater  does  no t  b reak  away f r o m  t h e  st'ep w i t h  t h e  r e s u l t  
t h a t  t h e  r e s i s t a n c e .  s t e a d i l y  r i s e s .  Unst ick ' ing can be 
accompl ished  by j a r r i n k  t h e  model. The model t h e n  r i s e s  
on t h e  s t e p  and t h e  r e s i s t a n c e  falls t o  t h e  lower b ranch  

. o f  t h e  c u r v e . '  I n  p r a c t i c e  t h t s  boa t  would be c?.bLe t o  g e t  
o f f  on ly  i n  ro'ugh mater .  

T h i s  method of deve lop ing  a type  i s  s t i l l  f o l lowed  
g e n e r a l l y .  The t e s ' t s  n e v e r t h e l e s s  remain u h s a t i s f a c t o r y  
because  t h e y  a r e  d e r i v e d  f r o m  a f o r m  mhich, l a c k i n g  p r e v i -  
ous fundamenta l  knowledge, h a s  been developed by t h e  de- 
s i g n e r  p r i n c i p a l l y  by f e e l i n g  o r  i n s t i n c t ' ,  and a v a r i a t i o n  
of a l l  t h e . d e s i g n  e l e m e n t s  Ptrhich have a b e a r i n g  on t h e  Frob- 
lem must be n e g l e c t e d ,  p r i m a r i l y  because  of t h e  g r e a t  
l e n g t h  of t ime r e q u i r e d . f o r  t h e  t e s t s  and t h e  correspond-  
i n g l y  h i g h  c o s t s .  Consequent ly  t h e  i n f o r m a t i o n  which i s  
ob, ta ined r e g a r d i n g  the e f f e c t s  of changes i s  o f t e n  decep- 
t i v e ;  e.g., a change i n  t h e  bot tom f o r m  of t h e  forebody 
might be f a v  a b l e  o f  i t s e l f  but because  t h e  a f t e r b o d y  i s  

be o b t a i n e d  cause  o f  t h e  e f f e c t d  6f t h e  sp ray .  
. n o t  s u i t a b l e  o r  u s e  w i t h  i t  an ap-aarent f a i l u r e  might 

b 

.A r e c o g n i t i o n  o f  t h i s  f a c t  l e d  t h e  f i r m ' a f  Bohrbach 
t o  conduct  at t h e  Hamburg t ank  t h e  f i r s t  s y s t e m a t i c  t e s t s  
w i t ' i ?  d i f f e r e n t  bot'toin f o r m s  'o f  f o rebody  a l o i l o .  The : a f t e r -  
body was s e p a r a t e d  by a v d r t f c k x  c u t  at t h e  ' s t e p ,  nrkiix'o 
t h e  load remained equa l  t o  t h e  t o t a l  load .  : ' I n  t h e s e  t e s t s  
t h e  g r e a t  i n c r e a s e  i n  r e s i s t a n c e  due to.. t h e  Wake runn ing  
back a l o n g  t h e  a f t e r b o d y  q p e a r e d  p l a i n l y .  Tor i n s t a n c e ,  
t h e  combina t ion  o f  one o f  the '  corn-gletely i n v e s t i g a t e d  f o r e -  
b o d i e s  'wi th  a c e r t a i n  a f t e r b o d y  gave a 50 p e r  c e n t  i n o r e a s e  
i n  . r e s i s t a n c e  3 e c a u s e  t h e  a . f te rbody,  a l t h o u g h  o f  i t s e l f  
out o f  t h e  matex, w a s  we t t ed  f o r  i t s  e n t ' i r e  
s t r eam of mater  coming out fr under  t h e  s 

l e c t i n g  d e v i c e  reduced e r e s i s t a n c  
t h e  f0rebod.y a lone .  

Models o ar type  bu t  w i t h  d i f f e r e n  
and set-away a r e  comp'ared acco rd ing  t o  

e s  are t h e  p l a n i n g  numbers 
n c e ,  A t h e  dynamic 



11, SYSTEiviATIC TEST'S WITH PLAXIi'TG S 

A s  e a r l y  as  1 9 2 4  t $ s t s  w i t h  box-shaped b o d i e s  were 
unde r t aken  a t  t h e  Hamburg t a n k  by Dip l .  Eng,. Li. Popp as a 
basis  f o r  p l a n i n g  b o a t  c o n s t r u c t i o n ,  i n  o r d e r  t o  de t e rmine  
t h e  p l a n i n g  number f o r  f l a t  and V-bottom f o r m s  and f o r  
d i f f e r e n t  t r i m  a n g l e s  and 1.oadS. These .experiments  cqu ld  
n o t  be c a r r i e d  o u t  t o  the  proposed  e x t e n t  because  of l a c k  
o f  f u n d s ,  ' .  I 

About a yea r  and a h a l f  zgQ t h e  t e s t  program which is 
d e s c r i b e d  i n  a o r e  d e t a i l  l a t e r  on w a s  s e t  up because  o f  t h e  
?-oressiiig n e c e s s i t y  f o r  a basis f o r  a n a l y z i n g  f l y i n g  b o a t s .  ~ 

The f i r s t  r e s u l t s  of t h i s  program are p r e s e n t e d  he re .  

The f o l l o w i n g  c o n s i d e r a t i o n s  l e a d  i m n e d i a t e l y  t o  t h e  
c h o i c e  o f  a p l a n e  r e c t a n g u l a r  p l a t e  f o r  t h e  fundamental  

a t i o n s +  as  besap; t h e  p l a n i n g  s u r f a c e  w i t h  a r  
b e s t  p l a n i n g  number. 





otklsr: Qn t h c  b a s i s  of P r o u d o f s  l a w  t h o  t ' c s t$ ,were  con: 
duc ted  at co r re spond ing  speeds  and l o a d s  and t h e  r e s u l t s  
used t o  de te rmine  t h e  second t e rm of  t h e  conversioxr f o r -  
alzl a * 

This  ne thod  B a s  t h e  advantage  over  t e s t s  w i t h ' a c t u a l  
hall rnode l s  i n  t3at t h e  e f f e c t s  05 spray  which would cause  
t h e  r e s n l t s  t o  l o s e  t h e i r  g e n e r a l  v a l i d i t y ,  are avoided. 

5) I n  the same nay  t h e  i n f l u e n c e  of  d i f f e r e n t  bo t -  
t o n  f o y i n s ,  i?ep.drise, c u r v a t u r e ,  e t c . ,  a rc  t o  be  d e t e r -  
mined by c0moarativ.e t e s t s ,  i n  which, i n  p l a c e  of f l a t  
n l a t e s  t e s t  f l o a t s  a r e  used w i t h  t h e  sane o v o r - a l l  dimen- 
s i o n s  b u t  w i t h  d i f f e r e n t  b-ottom forms, 

.Apparatus 

P r e l i m i n a r y  t e s t s  mere r u n  w i t h  a f l a t  glass p l a t e  t o  
de te rmine  t h e  f o r m s  of t h e  w e t t e d  s u r f a c e s .  I n  t h e  appa- 



The r e s i s t a n c e  dynamometer c o n s i s t s  o f  an  equa l  armed. 
l e v e r  suppor t ed  f r e e l y  on two kni fe -edges .  A c o a r s e  b a l -  
azce  weight  and t h e  t e n s i o n  o f  a s p r i n g ,  which i s  v a r i e d  
b;r 2-i: a l e c t r i c  motor c o n t r o l l e d  bg t w o  c o n t a c t s ,  h o l d  t h e  
r e s i s t a n c e  in ba lance .  The e x t e n s i o n  of t h e  spring r e g i s -  
ters on a d r u m  s o  t h a t  an  a c c u r a t e  mean r e s i s t a n c e  i s  ob- 
t a i n e d ,  The t ime and t r a v e l  o f  t h e  c a r r i a g e  a r e  r e g i s t e r e d  





10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 

26 
27 

7 58 195 
9 3  170 

11 18 140 

695 
675 
472 
330 
216 
155 
140 
110 
84 

1070 
1140 

1100 2.423 
1130 1,714 
1180 1038'7 
1220 10244 
1360 1,076 
1600 0.847 

1105 3.112 

Speed v = 4 m/s, Loading case.111; 

4 3  
5 1  
6 7  
7 8  
a 5  
9 22 
10 54 

855 
705 
585 
49 5 
395 
32 0 
255 

Speed v = 

750 
610 
491 
406 
305 
234 
171 

1630 
1645 
1710 
1805 
1980 
2150 
2360 

6.212 
5.512 
4.828 
4.159 
3,460 
2.532 
2.578 

m/s, L o - l i n g  case  IT; 

A = 12 kg 

10.55 
9.36 
8.20 
7.08 
5.88 
4.82 
4.39 

0.601 
0.646 
0,682 
0.693 9 

0.729 
0.726 
0,740 

A = 16 kg 



42 
43 
44 
45 
46 
47 
48 
49 
50 

7 47 
8 35 
9 53 

SP 

2 36 
3 47 
4 10 
4 15 
5 8  
5 33. 
5 40 
6 53 
7 54 
8 58 
9 34 



Run 
&TO 0 

- 

64 
65 
66  
67  
68 
69 
70 
71 
72 
73  
74 
75 

76 
77  
78 
79 
80 
8 1  
82 
83 
8 4  
85  
86 

legomin. 
3 52 
4 1 9  
5 6  
5 35 
6 1 6  
6 43 
5 57 
7 43 
8 11 
8 46 
9 30 

10 8 
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1555 
1385 
1200 
1120 

985 
9 43 
923 
745 
6 90  
623 
509 
463 

1435 
1255 
1075 

993 
860 
820 
800 
624 
564 
498 
336 
3 43 

5870 
57 90 
5690 
5670 
5720 
5960 
6010 
6250 
53 00 
6490 
6760 
7010 

33.380 
30.750 
28.350 
26.510 
24.680 
22.710 
22.724 
19,521 
18.Q.20 
16.052 
13.368 
11 . 883 

14.18 
13.08 
12 eo0 
11.25 
10.50 

9.63 
9.63 
8.26 
7.63 
6.81 
5.67 
5.05 

Speed v = 8 m/s, Loading c a s e  I ;  A = 1 6  kg 

2 32 
2 42 
3 24 
3 43 
4 35 
5 0  
5 13 
5 51 
6 57 
7 57 
9 12  

810 
62 0 
401 
2'75 
1'78 
143 
145 
125 

88 
65 
72 

750 
565 
340 
217 
118 

88 
94 

, 78 
43 
20 
38 

3130 
2900 
2260 
2060 
1820 
1750 
1860 
1930 
2180 
2470 
2690 

10.187 
8.011 
5.093 
3.638 
2.200 
1.848 
1.859 
1.534 
1.217 
1.076 
1.019 

38.90 
30.60 
19.45 
13.90 

7.06 
7.10 
6,05 
4.66 
4.11 
3,89 

8.42 

I 
Speed v = 8 m/s, Loading ca-3 11; A = 32 kg 

0.581 
0.612 
0,650 
0,650 
0.688 
0.674 
0.574 
0.681 
0.678 
0.704 
0,712 
0.702 

0.779 
0.801 
0.810 
0.821 
0.781 
0.802 
0.796 
0,827 
0.837 
0.830 
0.870 



-- 

93 
94 
95 
96 
97 

98 
99 
100 
101 
102 

103 
104 
105 
10G 
107 
108 
109 

6 38 1 738 
6 59 52 5 
? 19 627 
8 13. 458 

fiog,min, ! i 
7 20 248 j 179 

I i 

7 39 238 168 
7 57 202 I 130 
a 25 190 120 
9 40 150 1 82 

I 0.726 
0,741 
0.73E' 
0.738 

i I 
632 ' 788C 26.017 11.05 
521 7980 22,479 9.55 
523 7920 22,483 1 9.55 
365 8220 16.810 1 '7.20 

4950 
4980 
5070 
5230 
5580 

42 2 
296 
199 

6.307 
6.336 
5.270 
4,523 
3.676 

357 1 3530 8.135 
5,139 
3 . 801 233 

134 

6.02 
6.02 
5.04 
4.42 
3.51 

j 
170 110 2660 

0.748 
0.753 

3.104 

23 50 
3 10 
3 52 
4 45 
5 13 
6 20 
7 24 

32.90 
22.00 
14,06 
10.ao 
8.39 
5.52 
3.41 

0.790 
0.820 
0.802 
0.813 
0.501 
0.813 
0.693 

ebd 7~ = 9.5 m/s, Loading cas0  IS; A = 45.2 kg 



i n  which P =  

vm - - 

F =  

I' 4 

Cf = 

d e n s i t y  - 
g 

msan ' v e l o c i t y  o f  t h e  mater  r e l a t i v e  t o  
t b e  p l a t e  * 

measured w e t t e d  s u r f a c e  = 1.' b 

w e t t e d  l e n g t h  

1600 . 0.2 
0.073 ( 5 ' s  - - n \d i n 

V I  R = Reynolds :?uraber = - 

4. The c u r v e s  (IT, 3. 72)  

5. The r cean - reduc t ion  i n  speed of t h e  wa 



Tho r e s u l t s  i n d i c a t e  t h a t -  v i t h  i n c r e a s i n g  l o a d ,  as a 
r e s u l t  o f  t h e  g r e a t e r  T o t t e d  l e n g t h  i n ' r c l a t i o n  t o  t h e  
b r e z d t h ,  the p lan i i lg  number becomes worse. 

The P r e s s u r e  and V e l o c i t y  D i s t r i b u t i o n  o n  t h e  P l a t e  



3 c r n o u l l i t s  e q u a t i o n  makes i t  p o s s i b l e  t o  d e t e r n i n e  
t h e  v e l o c i t y  d i s t r i b u t i o n  on t h e  p l a t c  f r o m  t h e  p r c s s n r c  
d i s t r i b x t i o n ,  as shown i n  P i g u r e  11. Tlic ucen v e l o c i t y  
a long  t h e  g l a t e  l c n g t h  i s  also p l o t t e d  a p a i n s t  t h o  g l a t o  
v l d t h ,  f r o m  which as t h e  m a n  of t h c  v c l o c i t y  c r o s s  SCC-  
t i o n ,  t h c  spccd v, i s  o b t a i n s d  as an avcrcgo  spced o v e r  
ti13 c n t l r c  p l a t e .  For t h c  c o n p u t a t i o n  of  t i 9  f r i c t i o n a l  

* r c s i s t n n c o  TR, t h e  ncan r c d u c t i o n  i n  spood  vu = v - vL1 
as  a p e r  c e n t  o f  t h e  t o y i n g  spccd v ,  i s  shomn in T i p r c  
9 as a f u n c t i o n  of  t h c  t r i n  a n g l c  a. 

S e p a r a t i o n  o f  t i le F t c s i s i ancss  

Thc t o t a l  r c s i s t o n c c  i s  f i r s t  divifi-cd i n t o  f r i c t i o n a l  
r e s i s t a n c e  TI , and f o r m  r e s i s t a n c e  73,. T h i s  l a s t  i s  t o  
be  d i v i d e d  i n f o  t h e  indpce'd- y e s i s t a n c e  V i ,  analogous  t o  t h e  
iniiuced r e s i s t a n c e  i n  t h e  n i n g  t h e o r y ,  sad  t h e  wave r e s i s t -  
ance UT, which i s  due t o  t h e  n o t i o n  o'f a body noging i n  ,a 
bonndary be tneen  t n o  media. A s  T?B i s  r e a d i l y  detefminetl '  n i t h  



hm then we have 

P h m  b v Wrn = A 0. ) 
The k i n e t i c  energy  c r e a t e d  per second equal t o  t h e  

w o r k  o f  t h e  induced resistance; t h a t  i s ,  

f r o m  which . 
( 2 )  

A2 V i  = - 
2 P v2 h, b I .  



13 F i g a r c  14 t h e  F o s i t i o n  o f  the c e n t e r  of 
i s  p l o t t e d  as I p / l t  i n  which I p  i s  tho  d i s t a  
c e n t e r  or" pressure from t h e  a f t e r  edge and 2'  i s  
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Resist'ancs curve of a planing 
boat w i t h  a displacement of 
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58 kg (below) and of a flying boat 
with a displacement o f  18 Icg (above). 
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Fig, 5 Comparison of  3 seaplane 
f loa ts  . 
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IpF = Atam- 
0 2 4 6 8 1 0  

Trim angle, a, 

v = 6 m / s  and A = 18 1%. 
Fig. 12 Division of the resistance f o r  

oint about which moments 




